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(54) mmozm msit^mm 

(57) [Sift] 

[HIS] *##«#«jE<t*##S/N 

[#HSr#f£] JSl«{fcB#»li:. *l«{tH*Rti5S 

iassixfcsgi h>^/ne«jRt % mi h^^mmm 
*ft\^xmimitmm'mbnfa&.m.zw&mmz£.<o 
mtnftztfmibzm lm&m&ffiz-zm i h>*/Mg 
□ na-u. mi&mtew Lxn-M 

c JtiaiEn ztitzm 2 mt®mm$:m±zm2 b 

m% 1 1 a - 2 1 Y>^iv^t%2 h 




1 



mmm i k ^^^mmmzn- ixmmm 1 5ifistts£<t@ 

*t|p|EB$ia, v ^-^|f!C«t t)^it:<^(6]#^*3 
SfHSSttJI. )KrlE»l5ft8St£JIi:S»5ttttM^L, flu 
8E^SMSt*^J:9«ftroi6]&*sgj3SJ|S2»1itJB. 

t. 

ffiK«*ffi»w::««8H*-t-.5fj 1 em. 

WIE* 1 3*HSfettfcll*|)E(::ttftttflE-*--s SB 2 EM. X 
fit* 5 r t $rJ»#m t tsss^ -t y »g 0 

r t frftttt £ -T5 if i fE^wem * * y £j 

B„ 

itffiE^ 1 k >*^mmmzft trmmm 1 &*Bt*B£ffcB 

Sllltti, Btr8E»l«ttJBi:S3fiBa4*g-g'L.. *UfS 
t . 40 

mmm 2 v >-j-->i-mmm&ifr t-xmrnm 2mm.mizn\^ 
siwzMz%2&m&.Mikmmmt&ffiz.z> v>*>\>m 

et£ ft: b %m t<oNi&ffiixzm2 t- >\s-m.WL(r>mM 

im*m4 ] mmm%m&mizm^mm.-tz>m i em. 
sn fen i famviiffi. mmmmizm.%mm-r^m2 &m . & so 
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o 

[IS*rf 5 ] mmm I SMS£tifefi£fliB«IIg. ftulEIB 1 h > 

^ste-os. miBiBittttJi. mmm'&.mmm. mm 
1 so«if *ii 3 <m *-ri\/>>{zizm<vm^* * y ^ 

K. 

6 ] AftEBB&SElglitllfflSElB 1 ffiHU^f L T h 

*>lwSEifetD^y ^- y §£ff„ 

C t t -f-5 If^iS 6 lcfiE*WB£^ * y % 

So 

i: i: t3 If 8 (^fE^om^.^ -=e y ^fi 0 

•>-^ ^ o y- h mmi-z-*co%miz3tmmi$i tstix^z 

Z t t -T5 If 9 fE*CQBm ^ * y glBo 

[|ff*iii 1] milE^f^rSiicM^mwmifE h^jr->um 
&m=t<Dm 1 w^af4^ft:B#^{±HfllE^ 2 iEi^lcitffi 
SBttSiv ^2<D^af4efkB#^[iHtJfEm3iai§ic# 

* * y ^ffi c 

[ft3ftr.il 2] MIE*2&U«*3iai*ttffiffih>'^/U« 
EM £ 2 x 5 i t -f 5 5 iS«JO^ 

* * y st. 

[lf*rSl 3] fltliE^2Sl>'^3E^O^-rtL^— <t-fe 

^$n5E^(i&JwE^t^i-.5^*#ji^E«9 
SrfSx 5 w t 5r4#m t ^-^§f *rg 7 iE*t<Dffi£^p< y §j| 

Bo 

[§f*il 1 4 ] mum 1 3*^f4«^ft:B«^Rl>'fltJlE^2 

SKi:(5]-gJi;-ffM$tt. ftfifESU E^tiMEB^fEtt 
flt^mm^(rlg^-r5«®M^fix-5 ^ t &!&®lk-tZ> 

[!S*igl 5] StHE««E«IRf4StlESB 1 E»S:^ L"C 
y-f ^— Kiraig^tLT^SCi^^mi-^sifjJtrgi 
St>'4 IEttco^i*ixA-!zgE«cW«K^^ * y 
[if*iSl 6] JHrHE^fl$tt»ffl8f*. Cu. Ru. C 
r.Re. I r /;>6i!(±lx54^,. fc5l'(JCu. R 
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u , C r , R e , I r £ 5 0 a t o m%£*±^tr-*Hfca» 

mm* 

*rs i r^bi*3s 3 izmmcom^* * y mm* 
we* i BM£WbB*Bt t nmim $ j: 

^Kn**s**>»ji(2»ttiii«r«i*., mmm2m^m<Dm 

WE*2Kt^^»ft<^rpl#*siWEB3eafk^ 
lft#»S 3 RT*!»-r«*««:355i*^«2 h^*/M*&« 

mmm 2 mm&mfcmmmizmimm-r&n 3 em £ & 

[If*il2 0] itufSjgl &t>*lfl2 h^*/U«-&tt, 
[»#3B2 1] HuEmi h^*>HK^ttftOTWE*2 h 
[»*Ji2 2] fHrESBl h>*/u«^&tfi»ESS2 h > 

[0 0 0 1 ] 



(P2001-266567A) 
[0 0 0 2] 

*lifc2o<z>«tt«S:»ofl|jBJBi:zi3i^T, SsMlfifit^ 

* (Magnet oRes i s t a nee) (D — ffi, V * 
P^^gMafifn (G i a n t MR) ^S/iqibilo 

/^$R^£*lT^5 0 #Jxf2\ Fe/Cr^AIfe^iK (Phys. 
Rev. Lett. 61, 2472 (1988) #BB) Co/Cu£>AIt& 
■T-IK (J. Magn. Magn. Mater. . 94, LI (1991) , Phys. Re 
v.Lett. 66, 2152 (1991) #BB) ^T*#>5 0 
[0 0 0 3] Sfc, ^«tt^JR8Sr^LTa«t9t«SrW 

tt««r»LTFeMnft 4fcOSSfc«tt«SrE« LTS^ 

^^BS^^pPjtlTl^ (*H#rF^5, 206, 590#fi8) D 

[0 0 04] W±Ji«HBt<7?«ffi«w5pff{z, BrtttSKS: 

5 (Phys. Rev. Lett. 66, 3060 (1991) #03) 0 

[0005] $c>iz % m&m/femm/m&mfabtez 

ffl LfcSSKtt h>^^A {:j - 5 g^ sfit (TMR) 
3b* fc*P 6*1,-0*5 (J. Magn. Magn. Mater. 139. L23 
1 (1995)) 0 

[0006] ^tz. mmm&-<2ffi7Litm&m/i&mm 
s^e>«5ssstttt2a h ^^irt^snt^ 

5 (#P?S ¥8-69581-^-) 0 $e>(Z, «FBB5plO-308313^-C 

[0007] — E^aatstts***^^*^^ k 



t€(4)2 0 0 1 -2 6 6 5 6 7 



y^S(MRAM- Magnetoresi stive random access memor 
y)!:fi|fflti:i t>*i£W3E$ixT^5 (J.AppLPhys. 
85. 5822 (1999), J. Appl. Phys. 85. 5828 (1999).) 0 

X & m^r Srfflf 5 — o^^ttS co^f £ % s ^ i c . 
R^ptf c tir J: 9 "l" , "0" SrfEit^-tt 10 

3 G K^HiLttGMR^TMRaSSrfilfflLTfTS. 

[ooo8] GMR^^mmLtzm^n o >^<^ym : t- 
y — x«zoftv>-c*«*fKu#t^ ta>e>, mrami: 

[0 0 0 91 -J, TMR»**^fcfiJJSLfcMRAM 

^fT^iEt <h fcirTMR^;*:^ <iTl, il^300-4 
00 mVSS<50^>rr^«m^PpAD$iX-5i:TMRja*Ji 30 
¥«i-£ 0 MRAM««Sltffi»S!-r?*>50T*. -7£(Dm* 

Vs = TM Rx Rx I s/2- 

[0 0 12] -t-/jCto*>, {S^ffiEEfiTMRSbmiZfl^ffi 

NJtte30dB*lS £ /h£ I \ * ixtt#RB-fe ^7- 

^la. 1 b IwM-rsii^^ffip = 0.2SrJSt\ r=lk 40 

Is = 10/iA, R=40kQ. TMR=25%£-f-5 t Vs=4 
8mV\ j3 r 1 s =2mVT*fcS 0 ttoT, S/Nitii201og 
(48/2) =27. 6dB<b/«e5 0 

[0 0 13] ■5*S/NJfc<pa#S:H5fctf>«;:, 
■000¥2£) 0 

[0 0 14] -^7. h7>^#«rffl^« 50 
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6 



£3r%;L5 > , 300—400 mv*£^<7v<-f r ;*^EP 
*D $ *l 5 <D digit b ix-T , TjMR^IcO/^Tt; ^be ;z 
«t 3 T fi * # RSH -C fc o 7t 0 ** W # e> tt w <z> RS« 

[001 0] ^tR^MRAMT — ? ^ \ 8 <7)[h1 
BBI^i-«t5iw, 3fi«tth>*/u»^ (J^T. MTJ 
tt5) *rla. lb t H»2S: % !7— Ki|»3 
a, 3 bl:J:otON/OFFM^l5*TlKffl h 



^>v>^^4a, 4 b £-^LTM?iJSMi-£ 0 f@*<Z>M 
TJl+la, lb(k*fS«fflh7>i/^^4a, 4 
biii.?ffilt^ 0 BI8"f<7)5tttry h^2<£)jgJR/B h 

ixStf^hlS, 8(±TMRit-la, 1 b(7)h7>y7> 
*4 a, 4 b t»jttSixS4»^ffi«a«zSEjtt$n57 p u~ 

[001 1 ] roisIKT-tt, gg^tti L^P(ZMT J SB^F- 1 
a, 1 bCgltfch7yy^^4a, 4 b IzmM&tifi. 

{-*5^-cK^-ttsbttiis. try n»7{w«iBtsns#fla 

J^^l a, 1 b^SfeiSrR, ^^TMRcoStft^Mb* 
^MR. h =7 > i> 7* $ (Dl&tK%: r , ^(D^<^ % y*& $ t 

-/3 r 1 s ( 1 ) 

tr^ h^-^ XtfS*£ < «9 , MR AMco^^4ft:fj: h 

JfH\ ^ixtMT J OIE^J«ttLfc«|Jt^«**n 
TV^, (Proc. of Int' 1. Non. Volatile Memory Tec 
hnology Conf. P47 (1998), IEEE Trans. Mag. 35, 283 
2 (1999)) „ 
[0015] 

t 2o(OMT J 1 tr^y h t Ltft\ ~o 

fcAO^SB-lr/MS^Bt**}, ff-^-mEEfiVs =TM R x 
Rxlst^t?, ( 1 ) 7K.(D2mu±.t*:$ < /^5 0 L-** 
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7 8 

[0 0 16] *fc. h7^->'7>? £>ftfc> 9 IZ-ff^f 3J-— K *'L4fi«ftM. &tHIMB*S2 h>^/u|g^^fr LTIB2 

[0 0 17] **floMtt;oj: 5 4*S!:E*. * <. ^2^M<0«gftw«!|t*SH*«Sft<Ditj§-«5SJPff 

[ooisj M&mw.mi-mn.mm.-tz-t'i'X^ y^-t. mimm 

[HB«r««fe-*-fifc«>©*S] ±eili:l^. fS-S? aMfcB*KK*$5«8E-*-58 2E«. &tfSS2 3*«*fefl£ 

mmt. mi t-^^^mmmzfrLxmi&m&mit® [002 u m-&w<Dum * * » mmiz&^x . mm. 

mimmm. mi mm&mt ixnmt&ft mmt. mmmumt>hm2&m&mimmm^mnz 

iz£oxmk<Dftzfii&frz$52m&m, s^nw 12 h^/utsstrofsi, foz^itnrstmizm&m 

tt»*fe-&$-e-S*itttt«WS:«*.fc««E»ttt. [0 0 2 2] S3S^K«^ii:*i^T, ttft 

m2%>MteMitmmmtzm?tz, h^^if, & 20 ««««:-*-5*3Ei»sr«*.sr ta««f*L^. 

miEttMi-m^in-^S^ 1 E*§. 31 1 ^^ttfi£ft@# [0 0 2 3] ieSBtt&O 

wic«i(UftK-«-&!R2eM. &tf$2 3uK{&KfcB*8g ftmzmzLZ z turn* lw. 

izw.m.mm-tzm3mfa&ffiz_zz t*w&t-t*>w.% n us 1 9tattttft:H*M. asi h>*/u»&Bi, mi 

[0 0 19] -kfERHKe*. ^-IgB^iJ. «^I»l*s /W«^JB. &T5SS2»B^«ffcB*l«tt««^*£*i-C 

mfeZHtzmimz'&mtmmmt. mi&vmtmg ^5. 

EBSnfeWl h^yHSttt. »l h^/HfeSUB 2) Mii^ 1 MmZlr LTt/uF 7 i^j* *cr> 

iH=«t98Sfl;Ol6j#3SS2Ei35JBlB!H4«. IlWft 3) 1 2 R VI 3 E«li^^ ©-fifl^-wt ^7 r°y 

jx&w&'&&vxm%e.9\-mmniz£<oxm{k<D\t>)§>A*2z 30 /i:M$ivt^5 t . 

Sr(ixSKMIEtgSf i:. 5&mEt#Jgi:;:>£*gEB £ixfcfl 5) ?ij^(6j(c#t>*5» 1 E^St^fT^|6]!r#o?5^ 2 & 

2 ^2 h^^iISr^Lt«2 tf»3E#£1S«#fii;t.5 e 

^t4Sf-*K6]EB$Hfcm2^tt^ft;@^ffllt . &m 6) n^fa\zT^^mz-ML&m®.<n±>\sV"7>i;*5>(n 

tmmA-bmi^mamitmmm^ix^mi v>*>u v- bmmn-^cosmiz^mmm &i%x^z 0 

i2 hv^/uSalEwaaEffi. fc^^il^^SffiSr^tb^ 12. ^2St>'^3E*S!c#ii^$tL T^-5 C 

^-c&aj-rsr t&!&mfi-zii&m.**y$im&i%m-t 8) i2sr>-i3ESii hv^-^^^iTMR 

[0 0 2 0] Sfc. ±E8ISl:«*. &=«9!tt. BSffc fflE»S: 2 5„ 

#fia s B£$ftfc»l»«fflB{fcB*FW. SUSSffifflK 9) &2Rtf£3K4S<^i-;h,7»» < tir:';*T>:7'fc(aW 

wnmmx'm^m.m>fs.< . mn^t4^roaft^(«i#^ i*t^b@#i^<tisi-®±!z^$4i. an em* roue 

t . «ft*l*l*SB£$nfc® 2 %ffitiS£fb@ 1 1 ) SmtSttflf ttSf? I E^Srfr L T ?V ^- K{=«K 

*M. .tg 2 3Si8i4«SftB«)gl t iir«EB$*t7t^ 2 h> 50 *ixTi»5. 



1 2 ) im&mmiSte. C u , R u , Cr.Re. Ir 
/i^il(fix5^JS, fc5t*liCu. Ru. Cr, 

Re, I r^50a t o m%W±$tr-&ife/5* b /«C £o 

1 3) m 1 StJ ? m2<DffittJi^Je$^2^;-^^ 

5 0 ■ ■ .: 

14) *lXtf*2<0«tt«li. IlClg^-^ 
[0 0 2 4 ] IE^^S/^ygii:jo^T, mi 

2 h >co$£ft:/^s¥f7 <u sp^*? 

Sfcli^>f t- Kti«t5 : t *f * 5. 
1 5) ft 1 Batt£ttfbB*K. mi h^w^f, 

12 

So 

i 6) m2&r3m3&mte$:*<D-~ sB-cra— co-tv* 

i 7) h v^^tt^St^Rtf-fe/u;*^ v^t^t£*>* 
i 8) ^ifttzft^s^iiaiiRtjcfT^jrwvsjB 

1 9) ^J^^i:7 u>f ^ct^t^t /u h 7 > 

2 o) ffJjfalzT \s4fc\z&&w&<o hy^/^i 
^tt. *2XW«3E*^*ii»iBE*nTir^ 0 

2 1 ) K2ftO f *3Eil*tt hv^S^S^Sr-hTri* 
«2ftV«3^E*i:Sf^i-5««»*5i^ffl 
'E«S:2**x.-5 0 

2 3) mi »«tt«ftH3SPKX V« 2 »«!4»{fcB* 

fkH*»tra-S±^^i*S4x, ftlEtt^ttftCttK 

2 4) Cu, Ru, Cr,Re, I 

r^^Ilfil5M, fo^^fiCu. Ru, Cr.R 
e, I r £5 O n t o m%W±^tr&&;&* b * £ c 
[0 0 2 5] 

Sr. l coEDESHl^r^Ii N ~Cf£^-r<5 0 
[0 0 2 6] **Wco«fll^ * U SSfitt. «/5g-r-5lS5& 
coy y -t /uco^c* (- 2 oj^±co f> v^wuff^Sril/l 
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[ 0 0 2 7] Hi :i^-r 2 ® h >-*Mg&i£-r 1 1 a . 
1 1 b^ffifigSrl 1 acntr$;ffiPTM-ro, ST- 1 
1 a tt. JB J <©S»tt«{fcB»«/* i co h >>*>i-m% 

ffcB*«a*bfc5 1 a-2S:«;t<5* * 

ne>^w»:ar»$n« t . * 1 tt»B&ttfi:B*iK/ffi 
10 1 h >^/ne»«s/jB 1 «tt«/#N«ttaf««/® 2 % 

ttl/12 h>*^»R/*2^»S6tt«ftH»B!^ 

[0 0 2 8] }Ri&u e IR2ttttttttfl:SiPlff». «ffca* 
H^Sixfc5Satt«lT-fc5 , ff^#co^T*t>^co^ft: 

^«{42gSJB^^i RV»2«i4«oS^<^iSftS:«i- 
#«B*Si:^T«fklE««i:'#-S3&^ ft ^#co£P* 

20 

[0 0 2 9] Z(D h y^^Ag^. 11a, lib cofg 
tt1f$R<^l*l£aj!wO^T, [§I 1 <D h>*/U»-&*-i=- 1 

1 1 a -2«>— ^S(B:«RRp % ft* 

pi*, rac h sattBtaiMttaft; 

30 [0030] Z-CD b 1 1 a - 1 , 1 1 a - 2 

1 1 a - 1 T'tL m 1 OKttf^bi 1 CO h 
^t&mm&ft L Xm I tf>«t£«ffcB«K^8S;tx, h 

fejftM hmt$2 co^i*^ ft b *n 5 T- 

5 0 fcii^i, mi <^»tt«ftB#l»A^6 mi co 

40 B*«^&*2(0 hWwHgii^^Ltg2TO^ 

[ 0 0 3 1 ] ^co2E h^/U»^3R^. 1 lad |] 
^»«tt14«ftB»M^s tr> hffill 3 m 2 co3MHM£ 
ftB**^f 3/ h»l 2^««t$iiT#iffi^-fe>^T> 
^i 7;c^M^n^coT\ 5t^-wa?Sri«n^iBflt*8K"4-* 

[0 0 3 2] ffilBWfiSI ](7)|»7yy7^14a^ V — 
50 ^KttaSffiB, ^2«i(/.)^t. 



A) 



11 

[003 3] t"'7hil2, 1 3^J12ft hv^/H*^ 
irl 1 a irRC*jjESr»ott0 2lhy^/i/a^* 
«itf;-fll^)2lhy*/Himi l b*s*-? 

i i a 4rifiic»s:-eafc^jsia$*i5. s*:, t^2ih 

b ^ilt2l h^/^tt- 1 1 a 
[0 0 3 4] y hlftl 2, 13CSttJil^h> 

s$n5 0 4fc. micoi^i: .try h*u:*««*jxft** 

y ir/ucoir/u b ?>*J*# 1 4 a , 14bfi, y — • 
Ku^v^JB^^ h7V->^^ i 5 coy — ;* • Ku 

WlSi-S!7— K»l 6 a, 16bC8i^ 0 ^09 

®$tifc>^e y ±;is<D±/i' h-7 <r>tf— hflHSte 

[0 0 3 5] Il^SMtl^ lh7^^2 
*<*Siri:fcjr, try h1MX^*'hK:*#<**-C 
^^gf^OMRAMClt^l Ofg 

ir, K^W«^##ii*/K*ffiLtwO^Tig2(^»rffi 

Htfflv^uwtio ffi. m2<oo-h. m 1 1 m— com 

[0 0 3 6] *H«JBi02th^^*fl 1 

«2 2/iiitti2 3/$m&mmm2 4/m2mi± 

125 2 CO h /uftftHg 2 6 2 <E>5ft«te»f fc 
@#W2 735SWJfc«S?K^$4x, SlH4i2 3/|ffi 

^*ffiJi2 4/^2«ttSlifEttlK2 8Srffi^r^o ^ 
'^lllt SSI <0»tttt«BffcH*J«2 l/Il co h 
>^/Hft»K2 2/S11I412 3izJ:o-C^l co h > 
* i2^ttl2 5/l2^h^wuf6f|H2 
6/^2^5SKtt»ft@*(K2 7!lJ:oTM20 h v.* 
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. .. J6::^II>t5:ir{)^t*g, H] 2 71? 

^04, [H6S:(>'l]7 4 I co/>>y^>^" mm Srttlfc 

[0 0 3 7] IB»W2 8 Sr«5£-r^^ l RttfB2Sttt£JB 
2 3, 2 5f±SiWlR5S«tttt;3K«tt^L-Cl^ e o 
S5, *lftt;*2H4i23 l 2 5<OKftttSi^ziS? 

fe^tt. *lXtf»2flM4Ji2 3. 2 5B— Wt^SStt 
io ?gmi2 4 t^«fc 0U3lT?*S e 

[0 0 3 8] «lXV*2»S8«tJBtw^Jftte-&S:fe-i-^ 

Cu, Ru, Cr,Re, I r ^^ix^co— og; 5 
0 a t om%K±*trfr-ft*ifS:ffli>S^4:^H*L 
l\ #1-, Ru, Re, I r (iRSSBMt^ftte^^a 

[0 0 3 9] Sfc, te^«SE«#tw«t5WftK*sSrffi-*- 

[0 0 4 0] KlXO f K2^»«tt«ftH*«2 1 , 2 
7coB£fLf:i[g]2 ir^-TJ: Si^PI D*rpj«wH»S 
tL5T*3 9. 5aitt^LfcIlTO28tti2 
3 V 2 5(^«ft^H2^ "1" Ott(R^6 "0" co^cflg 

[0 04 1 ] m 2 co " 1 " ^tt«tt, m 1 (PBUKttOtffc 
30 @*JK 2 1 t m 1 KttS 2 3 CDMikCDfa # .|:^ 

82 5 t^23S«ttKfk@*ffi2'7 0B£ft<^r6j^^Si^ 

5 0 ItiC^L, [12 co "0" co#;fiii H ^ i <n¥m\§. 

m\tmmB:2 1 <tmi^ti@2 3^>«ft^i6i#dsst^r 

at*® 25^12 Sfi«tt^k@arJR 2 7 coaffccofa # 

2^;cRsptf-e*s^e>m2 h>*^»^io«tttt*a 

trtRAP^T^^o 
40 [0 0 4 2] jfcc rcoj: 9ftettttr«R^««j&^j£ 
Coi>TMt5 c . **«rE«*-B:5lztt % U2co?- 
K» (WL) 2 9, 3 0C«-g-fl;aES:8(ti-5 - ttff 
9o WL2 9li 4 lll2coaffiCO^E^&^-fpj(ZS< W 

L 3 ota^fficoSE^i^lcft< (if3i>'tt^ c . :^Mfi: 
ft ^-^SftS:Sfc"t"w <t T^co^^T-co 2ffi h V^/u^^^ 
T-l 1 0*(zflMR*SElt*nSo 02i:^tJ: IB 
\MM2 8 fair /u h7>y^^ 1 4 coy — * • > 3 

i co— xizmmmrm'btez^^? ? ht± (em) 

frLT^^ix, -tslsb? yyX.^ ] 4 cOft!l.~^co V — x 
50 • KK>3] (iEl i co/n;* h7 > ^ i 5 icfijitt* 
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3 2 * * 7 £ -trixfl h /u» £ (cms fiSEix ft t \ 
ft, mUB2 8 t y — ? • Ku>f >-3 l <D— Jj&W$lt~f 
% = ^9? Mitt, 0 2::.eST^tJ;^: 4 Sftffii 5 
^mfcS^rtjftjrffiHL, f * hjftl 3&U<17- K»2 

[0 04 31ft!:, >*y-t^o|EttH»*S:BlE*m-#-# 
ii;optl^t§ 0 IU2(:^-r-t:/u h 1 4 

*>y— h 3 2i*>««:ta:ti:«toT, 2fih> 

ffprnatsfcHtmBEttTSTK-y n» (bl) 12, 13 

5 B fS#«£Ett±»<7? "1" . "0" l:»6LTAV 
(= (Rap— Rp) I d ) ifcfi- A Vi:ft9 , TMRcO 

[0 0 4 4 ] Sfc, Hli:*tHti:8[iLt21h>'* 
7t, RSrt8ttJB'& L/c 2 o<D«te/I"2 3.2 5 (ZttflM* 

[0 0 4 5] f l^fi^l^^l^ # 

[0 0 4 6] S^fcH LgR£S::*# < 1 R 

v&2&m&mi£mmm j $>$g 1 st/^2«t*s^»tt«- 30 

i\> Sot, Stti2 3, 2 5. 3ftSttttftB*K2 
1, 2 7ttCo, Fe, CoFe, CoNi, CoFe 
Ni, FeNi^MMl^ jbll/NiMnS 

UTJ:0**ft«#ll|**s#eii*o 
[0 04 7]4/:, »«tS«ffcB»«2 1 , 2 7 <DWi\t 40 

mX*$bZ> 0 IE««I2 8^«tt«2 3, 25co*& 

ftSte^i&Kft^fiKSttffj: «9 t>fiiS6*^i«^a«tt»» 
Sr»»tt«ft:B»!«2 1 , 2 7(:ffll^?g, g 
3ftBtt«tS:5il«tt«fkH*Bl2 1 . 2 7JZ«*!lEB£-£ 

T9feS«tttfbB*K^ttfl:irB*^«^«. SMBtttK 

o"C5ft«tt«ftB»Bl2 1 , 2 7<0«ft*B3e-*"5*a 
» # & 5 c i ^ m ^ 5 S 5*«ttW» W t L T tt F 50 
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H 

eMn. I nVln, P t M n ft t\ ii^cox t'W</u-7* 

1004 8] h>*'U|ftttl*2 2. 2 6 Ht^ 

A U0 3 . Tc» = Os. iftffc^ !/ MgOftct'M^co 

[0 04 9] $61;:, K±lllMLfcJ:9ft»«*^ffl» 
tttt^H^e*^^- (MB E ) 8:, %rm*'*y* 

*ltJBJ8i:*+J: 9 ft#tififilS*IB*D 

[0050] (i3 (omm<7^m) m s commmmx 

12, Hi RW*2^)|llt?gtgC*5V^"ClftW LfcEHSSr* 

^/Sc^tti LCol ^Ti 3 <Dt&r®*git £ 0 £g<DB§ 

^izot ^TJif^]— o??#Srf=t L , -?-^l^fflftfAP^{2^B& 

[00 5 1] :^»J|T1i t t>Fil2, 13 co 
— H 3 -entry hftl 3tt^7>^l 7 5:, h 

oTH12-C1j:2*feofc57-K^2 9, 3 0co— *SrW 

»st-#^ 0 -rft^?%, ft«»#5a*«Fiztttr-x h»i 2 
t kj»3 4 izmm&mL-* mmz h^^i/*? 3 3 

?r^-^^tflg(3 LT^o< 0 ^CioT^y Mil 2iw^ 

[0 0 5 2] (Si, BE*tUL«Firii h7>v f ** 3 3^^- 
vtt*B{i-f-S w tX\ 2lhy^^3drl l^)2o 

r ^ T?jfc ±a? ^>M»b^ ffl *s fig T & a 0 
[0 0 5 3] :<^J;9(:, h 3 3CO#"A(Z ± 

[0054] (m4(Dmm<omm) K4<omw»m^ 

[0 0 5 5] m4<DmMBmX&. U4iZ^i-^9C, 

h l 4 coy — ^ • Ku-f > 3 i co— ^tsatg 

B^2 8 tcomm.^^y hlft] 2 <l:ettm®3 5 <k&fr L 
Tfif^o ^iXfi, i2!:^tl2C) h^^^mm.f^2 6 
ao c »2^3fiatt«ttftB*l»2 7{l5tS:Kit, ^^ytiz 

®3 5jr*AT#«Bti4W*l«frffl^TfcJ:< , 

s-tt. 3sssi4»ftB«itt2 r <om^tnmizmmMm 
m<omm t im i # ^ ft ^ , 
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[0056] m4[z^-rxo^mmzxv . ««*$r<d 

U \fy hftl 3 {z»jBt Slxfc^>r ^^Sr^^^ffiicL 

mx&>% 0 

[0 0 5 7] ifc. 12tg«*OlS^UiL(wii, g]4cOh 
7>y^^3 3&tytffi{:Ut'5/ hil 2, 
fiaSffi^SfcixS «t 5CwL"C*5* % h7>y^^!4^y 10 

ttttiw-i-s^ir-c, 2S i — mm-tz z 

ft, I3 5<Z>5*>, 01 75r^E4 tig— <Dfl|jS;iC{i|^— O 

[0 0 5 8] 05JiEl 1 ir*5Jt5-fe^ h^>^>^^ 1 4 
a, 14b^^Vt-K5 1a, 5 1 bt'f ^^^tf 

(BL) 12, 1 3GO— SgiCgJR h7V^^ 5 5, 5 
6S:RI*-0*5 0 I(^Mh7y^^ 5 5, 5 6 li^ 

^ S:Rtt50(cit-<T^ * y ^BcOT^flrfb^co 

[0 0 5 9] ^<D[£lKC^(t5Sg^iULKimi, ±J^b 30 
v>>>^ 1 4^^V^--~ K5 1 CftbS£A#rttHl 13 
*5t^-CKWLfcfc^>ira«-C*>5 , B*B4Hfltt«ISt 
So 

[0 0 6 0] •#&*»fm, i5i:^LTl^ 

Ir««»*t* ii*f 17- Kilt B L 1 2 , 13(^)Pf 
fta>tw«8K«rflELTfT 5 w t^T*#So BL12, 13 
\zfaLtzmM\±y<Ur— K5 1 Sril^: tX h>^/u 

Sr2*ffl^TtJ:t^ 40 

JBttCJsi *TIftW LfcSKti^tS * y ir /ucoflfit 

Wffi»ifii:igK^l&a:iaS:ffl^-ciftW-*-5 0 ft, [U6C0 
9 *>Bl 753gH5 iia— coflfriciroi^Tfi, co??^- 

[0 0 6 1 ] 06c^0ijT^iy-r K51I121 
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yj r&I «JE CO EP *P I z X o TlS tf* ^1 & v §r t> o c 
H6T*(ilEtSfflWL 3 4 fc±g|5B L 1 2:z«StSratLT 

h$y^*— K5 i ^#at5t^, f :21 hy^^|A 

[0 0 6 2] iSte*«^Sc^4±i UiH 6 co K 5 

1 <t 2o(7)BL 1 2, 13S:aRt«iItti»)*ffit 

(»7^J£^jg) !B7(DHtE^S-Cii, ^5coH^ 
?Kffilr*5i *TK9i L/dUKS-flf^-r 3 * y ^gcofdico 

7^*fBB«3ftf:[llB<o»«;HSr«^TttWi-S 0 ft, m 
7 CO 9 ^>(3 17^^0 6 tRI— <0«j5EtwOl^Ttt, [rJ — CO 

[0 0 6 3] H7{ZI4 2« 1 1 (DTM 

\z?4*— K5 1 «r»j«Lfc»fffi*3SSr*-*- 0 C<o*t5£ 

-eis, Ttfy i 3^m 7coSK®^B:^r6]{-g< f$ 

l>\ ±TtTy hil2, 1 3lz«aESrflELT-&j««E||LS: 
^^^-ttsc tr*ia«i«2 8— co»#5A^^fTe» o -co 

t^-^fi^y>r^- K5 1 ^fcSfc^ir2S h^wugg 
BL12, 1 3&m$l-tZ>ZtX?T0Zt&XZZ> o 

[0 0 6 4] m5Jbmm7<DnMmmxmwLtzy^* 

LMMimtt^t So Mitf^ KcoS^tSr 
^77iE^/J^ < * «9 TMRM^fiT5rf|J*J-e# S 

[0 0 6 5] «±KWLfcJS2 7!rS)B4, 16, ^ 7 <7) 

^Srffli^s, $:&9i<o b>*;i>m^m^rfczthizm 

[0 0 6 6] ^7t, mHcoaH^{r*5t^-C5li^fe«J; 9(3, 
2ooil h>^/u»-&Srffl^T. ^!w-y^co 

is^i^o.t^ML, &m&>»mmizte\,*xw&'f 

[ 0 0 6 7 ] MHco^pqco^M^^ y agfg-ctt. y^-y 
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[0068] m,E.<D%£W<Dm% * -t- y ««sris*i-5« 

[0 0 6 9] **Wtt«±SB-<fciB*fcJftKL 
[0 0 7 0] 20 

=7 y >X 9 ¥«< tf-— K <r> '< y> y * <D figg Sr {£«-e # 5 

30 
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[HI 2 ] **W^«2<0||lS»ffii-lftKi-ofc^^|Sr 

[El 3 ] **W<^*3^|llSJBfliS:RWt-5fc«>c0ier 
ra « if S SB E] Vg 5t m c 

[0 5 ] **W<^S5<7)|llg^jg^fft^-r-5fc^coiHl 



ffi « 3t .& !>*— gp IS 88 <o H 0 

ims] **w<ott*^sa«> * y ^e^skeIo 

[tt*<z>IftW] 

la. lb, 1 1 a - 1 , 1 la-2, 1 1 b - 1 , 1 
1 b- 2- h>-*/u*^*-¥- 

2, 12, 1 3 — h» 

3. i6a, 1 6 b—±^mnm^— KIS 

4 a, 4 b, 14 a, 1 4 b-ir/U h7 VyXv? 
5, 1 5- h^yv>X^ 
6 . 17 ■ -ir ly^Tls-f 

8 -/U- h£g 

1 o-4IM^)IS 

2 9. 3 0, 3 4-»*&*JB!7— KM 

3 1 •y— J* • KKVlffi 

3 2 -y— 

3 3, 5 5, 5 6- 7^f7f h7>y'7^ 
51, 51a, 51b — ^>f K 



imi ] 



[0 2] 
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